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Schematic diagram of the main neural pathways comprising 
the song circuit. The descending motor pathway (red) con-
trols the learned song. Song learning also requires the Ante-
rior Forebrain Pathway (Blue). Sensory feedback and motor 
eerence reaches HVC through Nif, Uva (green), and mMAN 
(not shown). 
Abbreviations: DLM, nucleus dorsolateralis anterior, pars medialis; HVC, a letter based name; lMAN, 
lateral magnocellular nucleus of the anterior nidopallium; NIf, nucleus interfacialis nidopalii;  nXIIts, 
tracheosyringeal portion of the hypoglossal nucleus; RA, robust nucleus of the arcopallium; Uva, 
nucleus Uvaeformis.
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Conclusion
NIf input to HVC is acutely necessary for generat-
ing learned vocal behavior in songbirds; vocal pro-
duction reverts to subsong driven by LMAN 
during NIf inactivations. Absent NIf input, the 
song circuit reorganizes and recovers its ability to 
produce pre-lesion song over the course of 1-2 
days, suggesting a redundant role for NIf that can 
be assumed by other parts of the song circuit.
Sonograms (spectral derivatives) of songs before and imme-
diately following ibotenic acid lesions to NIf, as well as at the 
end of the same day. 
Mean latency (+/- SEM) of rst song produced during inacti-
vation of Nif, LMAN and Nif & LMAN. Data was acquired in 
the same birds.
Results
The distribution of syllable duration before inactivation (in 
green) reverts to that seen in very early subsong (<45 dph) 
after inactivation of NIf with TTX (in red). Representative ex-
amples are shown of a bird that sing subsong (in blue), a bird 
at 80 days post hatching and a bird at 94 days post hatching.
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A) Parasaggital section at the level of NIf. TTX was injected in 
conjuction to dextran. The location of the injection is shown 
in red (location based on uorescent imaging of the dextran) 
and eective spread of the TTX was estimated based on 
published values (Ölveczky et al. 2005).
B) During inactivation of NIf, song output (bottom panel) 
does not resemble the song that was sung prior to inactiva-
tion (top panel; syllables indicated in blue). Data were ac-
quired at 70 days post hatching.
Introduction
Sensory feedback is essential for the acquisition of 
complex motor behaviors, including birdsong. In 
zebra nches, auditory feedback is relayed to the 
descending motor pathway primarily through the 
nucleus interfacialis nidopalii (NIf ) (Fig. 1). NIf proj-
ects to HVC - a premotor region essential for song, 
which projects to RA, a motor cortex analogue  
that drives muscle activity required for vocaliza-
tions. Despite being a major input to the song 
control pathway, there is no known role for NIf in 
the production of zebra nch song. To address 
this, we reversibly inactivated NIf with TTX or Mus-
cimol.
Brain regions involved in birdsong. 
Histology conrming location of injection, the spread of 
TTX, and the resulting eects on song production.
Reversible inactivation of Nif aects song production. Inactivations of NIf in conjunction with LMAN leads to 
cessation of singing.
Song recovers within a day after lesions to NIf.
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Sonograms (spectral derivatives) of song before (left) and 
during (right) inactivation of NIf with TTX and Muscimol. 
Control injections in NIf with PBS or injections with Musci-
mol outside the region of interest have no eect on song 
production (in green). For each condition, a single motive is 
shown with the syllables indicated in blue. 
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Fig. 4: Vocalizations during NIf inactivation resemble 
subsong.
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